[2n]hetero(A,B)annulenes to be of the form (AB)5 where each of the atoms A and B has a pir-orbital available for conjugation within a coplanar framework and the A,B pair together contribute a total of two electrons to the ir-system. In some cases, therefore A,B contain attached hydrogen atoms. Interest in the area of heteroaromatic chemistry may be traced to the recognition of borazine as an 'inorganic benzene,"3 although it had long been realized that s-triazine could also be classed as an aromatic compound. A firm theoretical foundation for such compounds was provided by Craig46 in his discussion of homomorphic (pir-pir) and heteromorphic (pir-dir) bonding systems within the framework of the HMO theory (this work is limited to the former category). More complicated B,N networks were considered by Baird and Whitehead7 and they surmised that many of the characteristics of organic molecules with carbon-carbon double bonds are present in conjugated B,X systems. However, on the basis of the Craig formulation, they concluded that the greater stability of conjugated monocyclic ring systems (annulenes) with 4n + 2 irelectrons is much less evident in rings with alternating B and N atoms than it is with carbon-carbon rings.
In the linear B,N systems they found evidence for reduced bond length alternation and increased conjugation energy with respect to the polyenes. 
Results
Geometries. The results for the heteropolyenes are collected in Table 1 and for the heteroannulenes in Table   2 . A number of the smaller systems have received previous theoretical attention, but due to our focus of interest we have not included a detailed discussion of these results. Among this work are treatments of where the center linkages of the chain may be seen to be approaching bond length equalization quite rapidly.
The situation within the other category is not so clear cut. It is now well established that bond length alternation must eventually prevail in the carbon-based annulenes'5'18"9'59'6° although the critical ring size is still the subject of controversy. The status of [18] annulene (21) has been uncertain40 almost from the time of its first synthesis61 and even [lOlannulene62 has recently come under re-examination, although it seems that the planar cis configuration of [10] annulene is probably bond equalized.62' Nevertheless the margin between bond alternation and bond equalization is quite small for this system and although electron correlation plays an important role in stabilizing the symmetrical structure, the magnitude of this effect is smaller than the earlier estimates. It is therefore possible that the HF result (Table 3) in favor of bond length alternation in [18] annulene will hold up even when electron correlation is included in the calculation.
Clearly, however, the question of bond length alternation in [l8lannulene will require further attention before a definitive answer is attained.
The C,N heteroconjugated systems show ostensibly similar behavior to that of the carbon-based compounds. Both the hetero(C,N)polyenes and hetero(C,N)annulenes show a very similar degree of bond alternation (SR) to that exhibited by the polyenes and annulenes themselves. At first glance it might therefore be expected that the tendency toward bond alternation in the two series would proceed in a parallel fashion, and the STO-3G result for the energy difference between 22a and 22b supports this idea.
When this quantity is recalculated with the 4-3lG basis set, however, it is apparent that the former result is probably a reflection of the poor description of the orbital energies which is provided by the STO-3G basis set. We have previously pointed out how such a deficiency can falsely accentuate the tendency toward bond length alternation.62' The 4-310 result therefore suggests that [18] hetero(C,N)annulene may be bond equalized. At the very least the tendency toward bond alternation is certainly less than in the analogous carbon compound and this is reflected in the calculated energy gaps (zE). The E values in the symmetric structures provide a qualitative measure of the strength of the second-order Jahn-Teller effect which is ultimately responsible for distortion of the molecule to a bond alternate structure.60'63'64 By way of contrast with 21 and 22, it should be noted that the energy gap in [18] hetero(B,N)annulene is always large and this system shows no tendency toward bond alternation.
Within a single determinant treatment the antiaromatic 13 has a strong tendency toward distortion although the real situation is somewhat more complicated.25 [4] Hetero(C,N)annulene (14) is also strongly distorted and at the STO-3G level, structure 14b is preferred over 14a by 22.1 kcal/mol. The remaining [4] hetero(A,B)annulenes (15 and 16) retain bond equalized perimeters, although it has been shown that 15 adopts a nonplanar structure38 (we have not investigated deviations from planarity).
Resonance Energies. The conjugation energies are collected in Tables 4-7 . The isodesmic reactions65 are designed to conserve the number of bonds of a given formal type. The homodesmotic reactions66 conserve the number of each type of carbon-carbon bond and the number of each type of carbon atom with a given number of attached hydrogen atoms. Clearly the latter category is more restrictive and it has been argued that in such reactions the extraneous energy contributions are minimized, allowing the identification of the underlying resonance energies.66 It is a simple matter to extend this concept to the heteroconjugated species treated in this paper.
The isodesmic conjugation energies clearly fall into two groups, with the exception of the [4] hetero(A,B)annulenes which contain a ring strain component and are therefore not meaningful in the present context. As may be seen from Tables 4 and 5 The homodesmotic conjugation energies given in Table 6 provide a more balanced picture of the [6}hetero(A,B)annulenes. Within this scheme the C,N and C,C resonance energies are comparable, whereas the B-N and B-O values are considerably reduced. Based on the best level of theory and using the analysis of Table 6 , the aromatic character is roughly, benzene: s-triazine: borazine: boroxine in the 'ratio' of 3:2:1:0 (see, however, the discussion below regarding [l8Jhetero(B,N)annulene).
In order to obtain a correct reference structure for the [18] hetero(A,B)annulenes, a correction must be applied for the internal nonbonded interactions. This can be accomplished by the procedure shown in the footnotes of Table 7 The homodesmotic conjugation energies for the C,C and C,N [18] hetero(A,B)annulenes are both effectively zero, at least within the accuracy of the model systems. It has been previously pointed out63 that the resonance energy of 21 is expected to be negligibly small and this is in accord with the experimental result. The result for [18] hetero(B,N)annulene is surprising at first sight, and given the good models which are available, is probably reliable in suggesting a resonance energy for 23 within the scheme of Table 7 .
Nevertheless it is important to bear in mind that the model compounds 7 and 26 are themselves conjugatively destabilized (Table 4) .
Conclusion. In the present study we have compared the ability of the C-C, C-N, B-N and B-O linkages to develop ir-electron conjugation in linear and monocyclic bonding configurations.
In the C,C case bond length alternation prevails, with the exception of the lower annulenes. At the present theoretical level [18] annulene is found to be bond alternate. Strong bond alternation is also found in the C,N compounds, although the weak energy gain on distortion of [18] 
